The remarkable feature of the X-ray emission from the Galactic center region is co-existence of emission lines of neutral atoms and highly-ionized ions, such as the 6.4 keV (neutral Fe) and 6.7 keV (He-like Fe) lines. These emission lines have told us the nature and activity of the Galactic center region. While the 6.7 keV line would indicate that hot plasma with the temperature of ~10 8 K, the origin of the 6.4 keV line is still an open question. However, possible origin is due to inner-shell ionization either by low-energy cosmic-ray electrons (LECRe) with E~10-100 keV or by hard X-rays from an external source (X-ray reflection nebula; XRN). In the both scenarios, continuum X-rays are also emitted; the Bremsstrahlung by the LECRe and the Thomson scattering by the XRN. The different physical processes in the two scenarios may product different X-ray spectra. Large contrast appearing in the produced X-ray spectrum is the equivalent width of the neutral line.
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We have observed the GC region using the Suzaku observatory and discovered K-shell lines of neutral Ar, Ca, Cr, and Mn atoms in addition to Fe and Ni. To explain the observed equivalent widths of the neutral lines, the elemental abundances are required to be ~1.6 and ~4 solar in the XRN and the LECRe scenarios. On the other hand, the abundances of the various elements in the GC hot plasma were 1-2 solar. Our result suggests that the origin of the neutral K-shell lines is due to the X-ray origin.
We firstly discovered the K-shell lines of neutral Ar, Ca, Cr, and Mn atoms as well as Fe and Ni. Our result indicates that the origin of the neutral lines is due to ionization of the heavy atoms in the dense materials by hard X-rays from an external source. The abundances of the atoms are firstly constrained to be 1-2 solar.
